It is an inevitable requirement of regional governance and sustainable development to improve urban management efficiency (UME). Different from the previous studies, this paper gives it a new meaning based on the production factors theories. Then the paper analyzes the response of UME to the primary production factors (PPFs) characterized by the traditional production factors theory (land, labor, and capital), and the expanded production factors (EPFs) reflected by the modern production factors theory (energy and ecology). By analyzing UME in China's 334 cities on global and local scales, this paper found four characteristics of UME: (1) the striking spatial differences; (2) the strong correlation between management models; (3) the evident development emphasis; and (4) the weak matching linkage. Finally, we put forward the countermeasures of spatial governance, including strengthening the agglomeration effect, promoting diversified development models on different scales, and accelerating resource coordination and sharing.
Introduction
Improving the quality of urbanization has attracted a worldwide attention among scholars, organizations, and governments [1] [2] [3] . For a long time, the relevant studies mainly focus on two points: one is to explore the optimal city size [4] [5] [6] , and the other is to improve urban management efficiency (UME) [7] . Specifically, there are three types of city sizes, including large [8, 9] , medium [10] , and small [11] [12] [13] [14] [15] . Actually, each city has its own strengths and weaknesses, and any city, hereby, cannot be managed by the uniform theories and methodologies [16] [17] [18] [19] . In other words, the city size is a superficial phenomenon, while the key point is to improve UME of different cities.
Nowadays, the study of UME is gradually being improved and embodied by its concept, theory, and method. Previous studies have not yet reached an agreement on the connotation. Only relevant concepts can be traced to resource efficiency [20] , eco-efficiency [21] [22] [23] , labor efficiency [24, 25] , and socio-economic efficiency [26] [27] [28] . Further, the connotation has been expanded to the efficiency of urban public transport systems and industries [29] [30] [31] [32] . Clearly, these definitions above only explain UME in a certain way. With time, the idea of equating city efficiency with GDP growth has been criticized as not adequately capturing human welfare and progress [33] , but a variety of urban functions are reflected 
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Description of the Study Area and Data Foundation
Our study focuses on the entirety of China. It lies between 4-54° N and 73-135° E and is covered by highlands and deserts in the middle and western parts and plains in the eastern part, with a significant variation across its vast width. In the east, there are densely-populated and infrastructureimproved cities, and well-drained land. The western part of China has marginal agro-environmental conditions for agriculture and less densely populated cities. In our study, 334 prefecture-level cities, a majority of key cities in China, are the direct objects for involvement in the comparison process ( Figure 1 ).
The smallest city is Sansha City in Hainan Province which is only 13 km 2 , while Bayingol Mongolian Autonomous Prefecture is the largest city, up to 470,000 km 2 . Cities are widely distributed in China. Most of them are less than 50,000 km 2 (298 cities, accounting for 89.75%). However, the areas between 5000 and 10,000 and 10,000 and 15,000 km 2 are the largest. From the view of spatial distribution, large-scale cities are mainly gathered in the western provinces, such as Xinjiang and Tibet Province, etc., while other cities are more fragmented in the eastern region, they are relatively small. It can be seen that the span of cities is large across the whole country.
Compared with the population of urban residents, this paper finds that Chongqing has the most permanent population, with 29.914 million people, and the population is only 6.95 million in Suifenhe City. In summary, there is a very large difference between the population and land area in Chinese cities, and we need to analyze the characteristics of other production factors in depth. 
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Sustainability 2017, 9, 2212 4 of 16 studies were, however, focused on only one or some efficiencies (labor efficiency, ecological efficiency, resource efficiency, and socio-economic efficiency). Therefore, this paper absorbs and combines the previous ideas and proposes the two-level analysis method (Figure 2 ), which aims at achieving the coordination and sharing of production factors. Following the research idea and framework, the indicator system is obtained (Table 1) , and multi-scale analyses (global and local) are used to discover the spatial distribution. The principles of accessibility, comprehensiveness, and relative independence are taken into consideration when selecting indicators [55] , ultimately to improve the UME [56] . Particularly, the stock of human capital can improve production efficiency, so population density is selected as an indicator reflecting the degree of labor agglomeration [57, 58] . GDP can be used to express the capital which is owned by the city or land, so per area GDP and per capita GDP can, respectively, represent land productivity and urban capital stock. The above three indicators can serve as specific components of the socioeconomic system [59] . Energy consumption can be used to indicate energy efficiency and the technological level [60] . Air quality level two, or above, which is also called as the national class II, or above, can fully reflect China's urban air quality and the level of urban management [61] . Finally, the strategy of improving the UME is concluded in line with the actual situation of Chinese cities. Following the research idea and framework, the indicator system is obtained (Table 1) , and multi-scale analyses (global and local) are used to discover the spatial distribution. The principles of accessibility, comprehensiveness, and relative independence are taken into consideration when selecting indicators [55] , ultimately to improve the UME [56] . Particularly, the stock of human capital can improve production efficiency, so population density is selected as an indicator reflecting the degree of labor agglomeration [57, 58] . GDP can be used to express the capital which is owned by the city or land, so per area GDP and per capita GDP can, respectively, represent land productivity and urban capital stock. The above three indicators can serve as specific components of the socio-economic system [59] . Energy consumption can be used to indicate energy efficiency and the technological level [60] . Air quality level two, or above, which is also called as the national class II, or above, can fully reflect China's urban air quality and the level of urban management [61] . Finally, the strategy of improving the UME is concluded in line with the actual situation of Chinese cities. The global analysis starts with the Moran's I indicators [62] . The formula is as follows:
The i and j range from 1 to n, indicating the areal units [63] , and W ij represents the spatial weight matrix. Moran's I value range is [-1, 1], and the positive and negative values represent the correlation direction. The closer the absolute value is, the stronger the correlation.
Then, it is necessary to determine whether the spatial autocorrelation of the Moran index is reliable by the Z statistic test. The formula is as follows:
The null hypothesis of the test is a random distribution of the region, and there is no spatial autocorrelation. When |Z| is greater than 1.96, it proves that there is significant autocorrelation between these regions [64] .
It is difficult to judge whether the value aggregation is high or low by using the Moran index. Additionally, only describing the whole distribution, it tends to conceal the characteristics of individuality and to ignore hot spots and cold spots and other important spatial information [65] .
To avoid this, the Local Indicators of Spatial Association (LISA) was proposed to further measure the similarity or dissimilarity of attributes between a certain unit and its peripheral units [66] , then to determine the unit of great influence on global relations [67] . The Moran index of the PPFs and EPFs are calculated by using the OpenGeoda (Urbana-Champaign, IL, America) software package, which is designed and developed by Luc Anselin and is an open source software for the exploration and visualization of geospatial data [68] . The statistics are written as follows:
where W ij is the spatial weight matrix and i and j range from 1 to n, indicating the areal units. The result of clusters can indicate the aggregation between one unit and the surrounding units. These clusters are classified into four categories: high-high (HH), high-low (HL), low-high (LH), and low-low (LL).
To amplify, the HH aggregation indicates that the same factors of production are gathered in the area [69] . Similarly, the LL aggregation means the development of the entire region is lagging behind. The HL aggregation is explained as a unit that has a prominent effect of aggregation on its peripheral units, and the LH aggregation means a unit is relatively backward compared to the surrounding units.
In the previous studies, a single factor was, or some of them were, generally employed for analysis. However, to fully characterize the UME, all single factors are considered and normalized by the Deviation Standardization Law, including the mean values of standard values of population density, per place and per capita GDP as PPFs, and of energy consumption and air quality as EPFs, as the range of values between 0 and 1 represents. When calculating the comprehensive score of EPFs, this paper eliminates areas that do not have both data on energy consumption and air quality.
Though the classification of UME is employed to characterize the spatial distribution of cities, the typical and observable spots are only estimated by the high or low values, and their relationships are not clear. Thus, to mark these spatial spots, the following equations are employed to identify the cold spots (aggregation of low values) and hot spots (aggregation of high values). The local analysis is statistically generally, expressed by bar graphs, the scatterplots, etc., to identify the spatial patterns of UME and propose targeted regional development policies.
After standardization it is simplified as:
where E G * i is the expected value, Var G * i is the variance, and W ij (d) is the spatial weight. If Z G * i is positive and significant, i has a relatively high value and is then defined as a hot spot, otherwise, it is defined as a cold spot [70] .
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On the one hand, there are 15 HH areas, 61 LL areas, six LH areas, and five HL areas (Figure 4a ). Firstly, the HH areas are mainly distributed in Guangdong, Jiangsu, and Zhejiang. These three provinces better enjoy the geographical condition, earlier opening-up to the outside world, and predominantly export-oriented manufacturing industry. As a result, three places have a stronger appeal to the population in their surrounding cities. Secondly, the LL areas have the maximum proportion and distribution, involving 13 provinces and 61 cities, because the economicallybackward condition aggravates a population emigration. The more laborers that are lost, the more difficult it is to give full play to tap the potential of local resources, which causes a constantly backward development in the whole area Thirdly, the LH areas are mainly laid in Anhui Province On the basis of knowing the overall global correlation, the LISA is used to reveal the characteristics of local aggregations.
On the one hand, there are 15 HH areas, 61 LL areas, six LH areas, and five HL areas (Figure 4a ). Firstly, the HH areas are mainly distributed in Guangdong, Jiangsu, and Zhejiang. These three provinces better enjoy the geographical condition, earlier opening-up to the outside world, and predominantly export-oriented manufacturing industry. As a result, three places have a stronger appeal to the population in their surrounding cities. Secondly, the LL areas have the maximum proportion and distribution, involving 13 provinces and 61 cities, because the economically-backward condition aggravates a population emigration. The more laborers that are lost, the more difficult it is to give full play to tap the potential of local resources, which causes a constantly backward development in the whole area Thirdly, the LH areas are mainly laid in Anhui Province because they neighbor with the development cores in the east (Jiangsu and Zhejiang). Furthermore, the population/human resources and other factors in Anhui are flocking into Jiangsu and Zhejiang, driven by the economic attraction. In a word, Anhui contributes production factors to the prosperity of its two neighbors. Then, the HL areas are scattered in Inner Mongolia, Guizhou, Qinghai, and Sichuan, etc. Compared with the surrounding areas, greater developmental potentials are mirrored in these regions. Finally, the rest of the areas, mainly in the middle district, have a less significant clustering effect, which indicates that these areas suffer the influence of interacted multi-factors.
On the other hand, there are 57 HH areas, 41 LL areas, six LH areas, and two HL areas (Figure 4b ). The HH areas are mostly in Heilongjiang, Guangxi, Fujian, Jiangxi, Yunnan, Sichuan, etc. The areas above are of lower energy consumption and better environment. The reasons are as below: first of all, the local economic development gives priority to the small commodity-processing industry and service industries. Secondly, less population and more grassland and forest in the north leads to the good air quality and animal husbandry. The LL areas are concentrated in Northern China, like the BTH, where the cities are characterized by high energy consumption and poor environment, due to the serious pollution caused by physical and geographical conditions (terrain, climate, and vegetation), which hinder the dispersion of pollutants, and a dense population calling for very large energy demands. However, only some cities are assigned to the LH or HL areas, which indicates that regional clustering is dominated by economic interactions and extended environmental awareness. because they neighbor with the development cores in the east (Jiangsu and Zhejiang). Furthermore, the population/human resources and other factors in Anhui are flocking into Jiangsu and Zhejiang, driven by the economic attraction. In a word, Anhui contributes production factors to the prosperity of its two neighbors. Then, the HL areas are scattered in Inner Mongolia, Guizhou, Qinghai, and Sichuan, etc. Compared with the surrounding areas, greater developmental potentials are mirrored in these regions. Finally, the rest of the areas, mainly in the middle district, have a less significant clustering effect, which indicates that these areas suffer the influence of interacted multi-factors. On the other hand, there are 57 HH areas, 41 LL areas, six LH areas, and two HL areas ( Figure  4b ). The HH areas are mostly in Heilongjiang, Guangxi, Fujian, Jiangxi, Yunnan, Sichuan, etc. The areas above are of lower energy consumption and better environment. The reasons are as below: first of all, the local economic development gives priority to the small commodity-processing industry and service industries. Secondly, less population and more grassland and forest in the north leads to the good air quality and animal husbandry. The LL areas are concentrated in Northern China, like the BTH, where the cities are characterized by high energy consumption and poor environment, due to the serious pollution caused by physical and geographical conditions (terrain, climate, and vegetation), which hinder the dispersion of pollutants, and a dense population calling for very large energy demands. However, only some cities are assigned to the LH or HL areas, which indicates that regional clustering is dominated by economic interactions and extended environmental awareness. This paper further studies the inherent mechanism of agglomeration of cities through hot and cold spot analyses. The PPFs are composed of 13 first-level hot spots, 12 second-level hot spots, seven third-level hot spots, seven second-level cold spots, and 22 third-level cold spots all over China (Figure 5a) . The first-level hot spots assemble in the Yangtze River Delta (YRD) and the Pearl River Delta (PRD) where well-developed economic wealth and a considerable number of labor forces are collected. Overall, the second-level hot spots encircle the first-level spots, and are surrounded by the third-level hot spots, which show that the sphere decrement of development is obvious. The cold spots are mostly in the southwest of China because they are located in the Qinghai-Tibet Plateau and Yunnan-Guizhou Plateau, which are well endowed with resources but face poor conditions for exploitation. The EPFs include 13 first-level hot spots, 28 second-level hotspots, and 17 third-level hotspots (Figure 5b ). In terms of cold spots, there are 35 first-level spots, nine second-level spots, and 15 third-level spots. The distribution of hot and cold spots based on the EPFs is basically consistent with the distribution of clusters. The Beijing-Tianjin-Hebei (BTH) is treated as a cold spot due to its superposition of high energy consumption, but low environmental values. The strip of hot spots in Sichuan and Yunnan is determined by the high regional vegetation coverage rate and less developed economy. All in all, the agglomeration of cities is formed by neither the advantages for the development of infrastructure conditions, nor the distribution of population and industry. This paper further studies the inherent mechanism of agglomeration of cities through hot and cold spot analyses. The PPFs are composed of 13 first-level hot spots, 12 second-level hot spots, seven third-level hot spots, seven second-level cold spots, and 22 third-level cold spots all over China (Figure 5a) . The first-level hot spots assemble in the Yangtze River Delta (YRD) and the Pearl River Delta (PRD) where well-developed economic wealth and a considerable number of labor forces are collected. Overall, the second-level hot spots encircle the first-level spots, and are surrounded by the third-level hot spots, which show that the sphere decrement of development is obvious. The cold spots are mostly in the southwest of China because they are located in the Qinghai-Tibet Plateau and Yunnan-Guizhou Plateau, which are well endowed with resources but face poor conditions for exploitation. The EPFs include 13 first-level hot spots, 28 second-level hotspots, and 17 third-level hotspots (Figure 5b ). In terms of cold spots, there are 35 first-level spots, nine second-level spots, and 15 third-level spots. The distribution of hot and cold spots based on the EPFs is basically consistent with the distribution of clusters. The Beijing-Tianjin-Hebei (BTH) is treated as a cold spot due to its superposition of high energy consumption, but low environmental values. The strip of hot spots in Sichuan and Yunnan is determined by the high regional vegetation coverage rate and less developed economy. All in all, the agglomeration of cities is formed by neither the advantages for the development of infrastructure conditions, nor the distribution of population and industry. 
Variant Effects by Local Analysis
The global analysis above explores whether the PPFs and EPFs are coordinated. According to the China National Bureau of Statistics, the economic region in China is divided into the eastern, central, western, and northeastern districts. Therefore, the study follows this division and draws the scatterplots to clarify the pattern of UME in different regions ( Figure 6 ).
overall economic level of the eastern part is higher than that of the others. Therefore, the environmental carrying capacity of the eastern part is higher, but the negative effect of economic development on the environment is lower. The northeast district, including Heilongjiang, Jilin, and Liaoning provinces, is an important old industrial base in China. For a long time, industrial production has put great pressure on the environment, and it is still in the industrial transition period so that the negative effect of industrial pollution on the environment is more obvious. Hence, the environment is more responsive to the economy in the northeast district. There are few heavy industries in the west, and economic development mainly relies on agriculture and animal husbandry with less environmental pollution. Therefore, the response of the environment to the economy is not very sensitive. In this paper, it is found that the east district is close to, or has reached, the advanced stage of industrial development and the UME is high. The low UME in the western cities is related with the low stage of industrial development and the UME is low. The northeast and central districts are roughly in the middle of industrialization, and the UME is at a moderate level. The PPFs and EPFs are negatively correlated in each district, but, in present China, it is difficult to balance the relationship between the PPFs and EPFs. The eastern cities are more efficient in managing PPFs, while the western cities have more advantages in the EPFs. As for the northeastern and central districts, both of the PPFs and EPFs are placed in the transitional stages between in the east and west districts, which indicates that the UME in these areas is more complex and multi-influenced. According to the fitting effects, it is more suitable to use the linear equations for explaining the relationship between the PPFs and EPFs in the northeast and central parts. Moreover, the aggregation in the west is the most consistent with the results of LISA and hotspot analysis.
In addition, the slope of fitting lines is sorted from large to small: the east district > the west district > the northeast district > the central district. In other words, environmental quality is different in response to economic development. In the east district, natural conditions are superior and most of the heavy industries have migrated to the central and western regions. At the same time, economic strength is an important guarantee for the protection and upgrading of environmental quality. The overall economic level of the eastern part is higher than that of the others. Therefore, the environmental carrying capacity of the eastern part is higher, but the negative effect of economic development on the environment is lower. The northeast district, including Heilongjiang, Jilin, and Liaoning provinces, is an important old industrial base in China. For a long time, industrial production has put great pressure on the environment, and it is still in the industrial transition period so that the negative effect of industrial pollution on the environment is more obvious. Hence, the environment is more responsive to the economy in the northeast district. There are few heavy industries in the west, and economic development mainly relies on agriculture and animal husbandry with less environmental pollution. Therefore, the response of the environment to the economy is not very sensitive. In this paper, it is found that the east district is close to, or has reached, the advanced stage of industrial development and the UME is high. The low UME in the western cities is related with the low stage of industrial development and the UME is low. The northeast and central districts are roughly in the middle of industrialization, and the UME is at a moderate level.
Conclusions and Discussion
Main Achievements
The first finding are the striking spatial differences. Previous studies have shown that differences in natural and economic levels determine that the spatial distribution of urbanization in China is not balanced [71] . Similarly, in our study, the production factors, named as PPFs and EPFs, are spatially distinct. In general, the East District has a significantly higher carrying capacity than the central and western districts, marked by the features of economic vitality and population concentration of cities. Similarly, as for the regional carrying capacity, which reflects the characteristics of energy consumption and environmental protection, the cities are mainly distributed in the central and western districts, as well as other underdeveloped areas with hills, mountains, or deserts. Evidently, these spatial variations also manifest the contradictions between economy and the environment as two scenarios. The one is a region with rapid economic development, but its energy depletion and environmental degradation are relatively serious, and the other is characterized by an adverse trend.
The second finding is the strong correlation between management models. According to LISA and hotspots analysis, these spots are mainly gathered in the Yangtze River Delta, the Pearl River Delta, and the Bohai Rim, as well as in Qinghai, Gansu, Tibet (the center of the northwest region), and Sichuan and Yunnan (the center of the southwest region). Briefly, they are not only in isolated cities, but also exist as a form of clusters. Thus, the point-and-plane mode may provide a reference for the city's development.
The third finding is the evident emphasis of development. The first two findings (mentioned above) are mainly caused by different physical conditions, socioeconomic status, and urban plans. It is no exaggeration to say that the location and policy dominate the development stage and pattern of China's urban agglomeration [72] . The current developed areas have been raised by their traditional economic advantages, however, it has inevitably brought heavy burdens to the environment. Therefore, the economic development stage and environmental policies lead to the different emphasized aspects of development in cities. However, these differences will converge with the advance of policies, systems, and technologies as time passes by.
The last finding is the weak matching linkage. The relationship between the district scale and the UME (reflected by PPFs and EPFs) represents the balance or imbalance between economic development and environmental protection. As mentioned above, few cities can balance this while a large number of cities have even held the mode. Moreover, the PPFs and EPFs of other cities show that there is mutual dependence, but no fixed development law due to weak linkage matching. Therefore, the matching linkage embodies the plausibility and high efficiency of PPFs and EPFs in the observed cities. The good linkage is the pursuit of UME in the future.
Limitations and Uncertainties
First, the data need to be further improved and added. Collecting and filtering data takes a great deal of time and effort, involving a number of indicators in 334 cities. If we can obtain more data, such as natural data, cultural data, national development strategy, etc., the research precision and reference value of this article will be greatly improved.
Second, the suggestions on the UME need to be further explored. Although this article has put forward suggestions and possible optimization solutions to enhance the UME from multiple perspectives, urban management is still a complicated issue. Especially for China, the largest developing country in the world, the UME is influenced by many factors, such as national planning and local government policies. Thus, the suggestions made in this paper need to be improved in the future.
Implications and Applications
Advantageous Applications
Urbanization, itself, is likely to drive economic growth. Fundamentally, the urban scale is the determinant of economic diversity [73] . However, if the urbanization rate is too high, the congestion effect will offset the agglomeration effect [74] . It can also cause resource depletion and ecological recession. The superficial reason of weak sustainability is the deterioration of the urban environment, but the root is the low efficiency of management [75] . In China, the "national prejudice" of resource allocation and the administrative level dominate the process of urbanization [76] . High-level cities are more likely to attract central government and foreign investment [77] , but medium-sized cities and small cities in backward areas are difficult to attract capital and talent flow because of their weak financial capacity and poor public facilities [78] . Therefore, practical application includes three aspects: (1) to strengthen the agglomeration effect; (2) to promote diversified development models at different scales; and (3) to accelerate resource coordination and sharing.
Compared with previous studies, this paper has three types of scientific values. The first is the value of the data. Data comes from the official website and related statistics, covering 334 Chinese cities. The data is true, reliable, and helpful for other related studies. The second is the ideas and theoretical framework. The paper pays attention to the combination of production factors in traditional and modern economics. More importantly, the integration of statistical and spatial analyses in our study not only quantifies the UME, but also shows the spatial characteristics. Finally, this paper summarizes the management efficiency of Chinese cities in an all-round way, which may provide an important reference for analyzing whether the management efficiency of cities needs to be improved to some extent.
Specifically, the HH areas and HL areas are growing into the regional core, and forming high-quality urban clusters; the HL areas and LL areas are the key areas of town-scale development, also as the secondary core. For those regions with higher environmental pressure, the relationship between energy consumption and environmental protection has to be balanced as soon as possible. Conversely, for those regions with lower environmental pressure, they should share the ecological burden of neighboring cities, tap their own advantages, and seek the sharing of production factors for bearing the ecological burden from neighboring cities. Additionally, the developed cities could be positioned as a large-scale urban growth pole to give the effects of agglomeration and diffusion. As for the less undeveloped cities, they have concerns about the transformation of industry and population, positioning as secondary cores. At the same time, small cities should take efforts to retain their environmental conservation. From the perspective of developmental coordination, the leading role of economy in the hotspot area (based on the PPFs) should be fully played, but it is still necessary to accelerate the sharing of energy consumption and payments of environmental transformation (based on the EPFs).
Implications for Policy-Making
The Chinese government promotes a new urbanization strategy to coordinate the different sizes of urban clusters. In particular, there are two ways to achieve that goal. One is to control the growth of large clusters, and the other is to encourage smaller clusters [79] . In response to the national policy, this paper puts forward some suggestions on how to improve the UME from the perspective of production factors. Its policy significance lies in that it provides urban managers and planners with new ideas for promoting sustainable development and is not limited to improving energy efficiency and technical efficiency. Therefore, there are two future concerns for follow-up research. The first is to expand the scope of efficiency research. The analysis of urban scales is more granular than provincial ones [80] and more systematic than industrial parks [81] , businesses [41] , and industries [82] . A city is an important carrier of human activities in production and life. The level of UME reflects the sustainability of a city. Secondly, the combination of statistical and spatial analyses is beneficial for visualization and quantitative judgment, which is the trend of quantitative research in the future. Additionally, the purpose of this paper is to make targeted recommendations to guide the sustainable development of Chinese cities through improving the UME. This means urban development should not be limited to artificial boundaries (existing administrative boundaries).
Above all, we have concluded three ways to improve the UME in China. The first one is to balance production factors. That suits the situation when the PPFs and EPFs do not match. The second is to manage in administrative level directly. This can weaken and optimize the administrative settings system, then simplify and streamline the administrative divisions. The last method is to promote the urban agglomeration. Specifically, the urban agglomeration effect could assist a secondary-core city in upgrading to the core of regional development. If the Chinese government wants to improve the UME, it has to give full consideration to the role of PPFs and EPFs and pay more attention to the optimal allocation of land, capital, labor, energy, and environment.
